e objective of the study was to evaluate the effects of inorganic and organic selenium in the diet of broiler chickens on the oxidative changes in the functional groups of proteins and total lipids, as well as the antioxidative potential of typical culinary parts fresh and frozen. Materials used in the nutrition study comprises one-day-old Flex broiler chickens randomly allocated to three dietary treatments: Control and SeN-fed diet enriched with 0.50 mg/kg of inorganic selenium (sodium selenite), and SeO-fed with diet containing 0.50 mg/kg of selenized yeast Yarrowia lipolytica. After slaughter, chicken carcasses were divided into the most typical culinary parts i.e., wings, outer and deep breasts, drumstick, thigh and back and analyzed in the fresh state and during frozen storage at −18°C until 90 days. e analyses undertaken during the study measured selenium concentration, CO, SH, and NH 2 groups in the proteins, TBARS-expressing changes in the lipids, and antioxidative potential by ABTS, DPPH, and FRAP methods. e results of the study showed that the dietary selenium supplementation effectively increased the selenium concentration in all analyzed culinary parts of the chicken carcass, especially high in leg muscles. Selenium supplementation of the chicken diet significantly reduced the oxidative changes in the most important chemical reactive groups of the muscle myofibrillar proteins in all analyzed culinary parts. Both forms of selenium, organic and inorganic, were able to slow down the oxidation processes during first 30 days of the frozen storage of the meat. Longer storage could be only recommended for breast fillets, definitely not for the back part. e effect was much stronger in case of an organic selenium supplementation comparing to inorganic form of diet enrichment.
Introduction
In recent years, the interest in free-radical chemistry has been increased. e highly reactive molecules called free radicals are generated by various endogenous systems in the body, due to exposure to different physiochemical conditions or pathological states [1, 2] . Oxidative processes are complex reactions initiated in meat pigments, different classes of lipids, and proteins forming a variety of oxidation products [3] . Free radicals as an effect of oxidative metabolism can cause tissue damage by reacting with polyunsaturated fatty acids in cellular membranes, nucleotides in DNA, and critical sulfhydryl bonds in proteins [4, 5] .
Nowadays, there is interest in the food that characterizes beneficial effects on human health. Chicken meat is important in human nutrition due to a low amount of total fat and cholesterol content [6] . Moreover, chicken fat contains relatively high amount (25-30%) of polyunsaturated fatty acids (PUFA), as well as approximately 40% of monounsaturated fatty acids (MUFA) [7] . However, chicken meat enriched with PUFA contains longer fatty acids with a high number of double bonds, which increases the susceptibility of meat to oxidation processes [3, 8, 9] . Lipid oxidation causes loss of nutritional and sensory values, as well as the formation of potentially toxic compounds that compromise meat quality and reduce its shelf life [3] . e high levels of oxidation of lipids produce free radicals, which are associated with mutagenesis, carcinogenesis, and aging [2] . Notably, lipid oxidation is the limiting factor for PUFAs to serve as nutritionally beneficial lipids in functional foods [10] .
Furthermore, chicken meat contains high biological value proteins (20-22%), which can also be affected by the oxidative reactions [6, 11] . e impact of protein oxidation on meat quality is still the subject of multiple studies, but it is generally accepted that this reaction is commonly linked to a loss of nutritional value and a decrease in muscle protein functionality, leading to increasing water losses, weaker protein gel formation, and less stable emulsions [12] . Generally, it was concluded that the presence of Se in animal diets is essential for water retention properties of meat, but it is inconclusive whether the form of Se is always important in controlling meat drip loss [13] . Moreover, the texture and color deterioration of meat has been related to the protein oxidation phenomenon [14] . Muscle proteins are a major target of ROS; the accumulation of oxidized products in the muscle tissue leads to meat quality deterioration. Oxidative modification of proteins and formation of carbonyl derivatives have a harmful effect on meat quality, and protein carbonyl content increased during storage. However, muscle samples from antioxidant-supplemented diets had lower carbonyl content [15, 16] .
As mentioned earlier, free radicals are generated not only by various endogenous systems. Furthermore, exposure to different physiochemical conditions can lead to oxidation processes [1] . Freezing and frozen storage is an essential step to achieving a safe product, but it depends on the conditions applied.
ey can accelerate the oxidation processes that damage the meat quality and nutritional value [4] . Freezing is a widely accepted preservation method used to store meat for relatively long periods of time. In this process, intracellular juice is expelled by osmosis to the extracellular space, forming ice crystals that later cause juice loss from meat during thawing [17] . e freezing rate, frozen storage temperature, and duration may affect the amount of intracellular ice formation and physical destruction of muscle and strongly influence the quality attributes of meat and meat products [18, 19] . Freezing probably affects meat oxidation by causing damage to certain cellular structures, especially membrane lipids [20] . On summarizing, freezing can extend storage from a food-safety standpoint but does not completely prevent oxidations of lipids and proteins [21] .
e negative consequences of oxidation processes can be overcome by the use of antioxidants in the diet, such as selenium (Se).
Selenium is an essential trace element which plays an important role in antioxidant protection against oxidative stress initiated by excess reactive oxygen species (ROS) and reactive nitrogen species (NOS) [22, 23] . Se was identified as a component (cofactor) in various selenoproteins and selenoenzymes as the antioxidant enzyme glutathione peroxidase (GSH-Px), which participates in redox regulation by removing and decomposing hydrogen peroxide and lipid hydroperoxides using glutathione as the electron donor [24] .
e greater amount of Se present in the tissue of broilers fed an antioxidant-supplemented diet would conceivably promote glutathione peroxidase activity. Moreover, antioxidant functions of Se have also been shown to persist in postmortem muscle tissue, and these effects of selenium are manifested in meat quality by reduced oxidization of lipids [15, 25, 26] . It was observed that lipid peroxidation in plasma decreased, while activities of GPx and glutathione reductase in plasma increased linearly with various Se concentrations (0, 0.1, 0.2, 0.3, or 0.4 mg/kg diet) [27] .
For this reason, various dietary strategies in animal feeding have been developed for providing Se-enriched meat in order to protect the quality of meat [28] . Pappas et al. [29] showed that addition of Se to chicken diets leads to production of Se-enriched meat, protection of healthpromoting fatty acids like C20:5n-3 and C22:6n-3, and protection of meat quality from oxidation after slaughter.
erefore, the aim of this study was to evaluate the effects of inorganic and organic selenium in the diet of chickens on the changes in lipids and proteins functional groups as well as antioxidative potential of typical culinary parts of meat: wings, outer and deep breasts, drumstick, and thigh in the fresh meat and during frozen storage until 90 days. Furthermore, in accordance with EU regulations in the present study, we used the maximum permitted level of Se in the complete feed (0.5 mg Se/kg) [30] .
Materials and Methods

Experimental Design and Sample Preparation.
One-day-old Flex broiler chickens (45 birds in total) (Hubbard, Poland) were randomly allocated to three dietary treatments: group I (Control) with no supplementation, group II (SeN) diet enriched with 0.50 mg/kg of inorganic selenium (sodium selenite, Sigma-Aldrich), and group III (SeO) fed with diet containing 0.50 mg/kg of organic selenium (selenized yeast rich mainly in selenomethionine). Importantly, it should be noted that the final analysis of Se concentration showed that in both diets Se concentration did not significantly exceed 0.5 mg/kg (Table 1) .
Selenized yeasts Yarrowia lipolytica were prepared at the Department of Biotechnology and Food Microbiology, Wroclaw University of Environmental and Life Sciences. All diets were based on the standard commercially available feed mixture with added vitamin premix (Table 1) . Chickens were treated equally in case of provided food and water, as well as living space, light, and veterinary treatment. For the initial 14-day period, the chicks were supplied with starter diet, followed by grower feed mixtures between 22 and 42 days.
e feed provided about 220-200 g crude protein and 12.2-12.7 MJ energy in one kilogram of starter and grower mixtures, respectively. After 42 days of the nutrition study, all birds were slaughtered manually and were skinned and eviscerated. is study was carried out in accordance with the animal welfare recommendations of the European Union Directive 125 86/609/EEC. e protocol was approved by the Local Ethical Committee for Animal Experiments of Wroclaw University of Environmental and Life Sciences, Poland.
Collected carcasses were immediately chilled on ice to 2°C. Prior to analyses, the carcasses were cut up to get typical culinary parts (PN-92A-86521): chicken wing (foreleg removed from the carcass in the shoulder joint), outer (pectoralis major m.) and deep (pectoralis minor m.) breasts, drumstick (tibia and fibula bones with attached muscles), and thigh (femur bone with respective muscles); the remaining part was called back. All samples were all the time chilled on ice, then stored for seven days at 4°C (chilled samples). Frozen samples were obtained by freezing the meat directly after slaughter to internal −18°C and storing at −20°C up to 90 days. e analyses were done in the fresh meat and after 30, 60, and 90 days of freezing. Directly before analyses, frozen muscles were defrosted on ice to an internal temperature of −2°C.
e preparation of muscle samples began with the removal of any epimysial, connective tissue, visible fatty tissue, and covering muscle from frozen meat and cut into small pieces. 50 grams of the collected muscles from all respective culinary parts were homogenized with distilled water (1 : 3) for three minutes. Next, the homogenates were centrifugated for 15 minutes at 4°C at 15,000× g. e collected supernatant was then used for further analyses. Analytical Instrument) after the acidic digestion. e technical parameters used for the analysis were 280 V of negative high voltage, 80 mA of the current of hollow cathode lamp, 7 mm of electrothermal atomizer height, pure argon as a carrier gas, 800 mL·min −1 of carrier flow, and 1.0 mL of the injecting sample. Protein content in the homogenates and supernatants was analyzed as previously described [31] .
Reactive Chemical Groups.
Reactive group content (carbonyl, sulfhydryl, and amine) in the chicken muscles was analyzed after myofibrillar proteins were extracted at 2°C by the procedure of Srinivasan et al. [32] . Briefly, the muscles were homogenized with 25 mM phosphate buffer (pH 7.0) containing 100 mM KCl, 1 mM EDTA, and 1 mM NaN 3 (1 : 4 v/w). Homogenates were then centrifugated at 2,000× g, and the pellet was suspended, washed with fresh cold phosphate buffer, and then centrifugated at 12,000 x g. Protein content was analyzed as described above.
Determination of Protein Carbonyl Groups Using Dinitrophenylhydrazine (DNPH).
e content of carbonyl groups (CO) in chicken proteins was carried out by the derivatization with DNPH [33] . Myofibrillar proteins were homogenized 1 : 10 (w/v) with pyrophosphate buffer (pH 7.4) (PB) made out of 2.0 mM Na 4 P 2 O 7 , 10 mM tris-maleate, 100 mM KCl, 2.0 mM MgCl 2 , and 2.0 mM EGTA using an ultraturrax homogenizer for 30 s. e homogenates were equally divided into two aliquots of 0.1 mL and precipitated by adding 1 mL of 10% TCA, followed by centrifugation for 5 min at 5,000 x g. e obtained pellet was treated with 1 mL 2 N HCl (for quantifying protein concentration), and the other one with an equal volume of 0.2% (w/v) DNPH in 2 N HCl (for carbonyl concentration measurement). Both samples were incubated for 60 min at room temperature without light exposure. en, samples were precipitated with 1 mL of 10% TCA and washed twice with 1 mL of 1 : 1 ethanol/ethyl acetate (v/v), mixed, and centrifuged for 5 min at 10,000 x g. e pellets were then dissolved in 1.5 mL of 20 mM sodium phosphate buffer (pH 6.5) containing 6 M guanidine hydrochloride, stirred, and centrifuged for 2 min at 5,000 rpm to remove insoluble fragments. Protein concentration was calculated from absorption at 280 nm using bovine serum albumin (BSA) as a standard. e amount of carbonyls was measured at 370 nm and expressed as nmol of carbonyl per mg of protein using the adsorption coefficient for the protein hydrazones (22.0 mM
Determination of Sulfhydryl Groups Using 5,5′-Dithiobis(2-nitrobenzoic Acid) (DTNB).
Total free sulfhydryl groups (SH) concentration was measured in the reaction with DTNB [35] . Briefly, myofibrillar proteins were dissolved in 20.0 mL urea-SDS buffer (8.0 M urea, 3% SDS and 0.1 M phosphate; pH 7.4) and left on the shaking bath at room temperature for 8 h. After that, 1 mL of the protein solution was incubated with 0.3 mL DTNB reagent (10 mM DTNB in 0.1 M phosphate buffer; pH 7.4) at room temperature for 15 min. Finally, the absorbance of the samples was read at 412 nm. Sample blank was run with 1.0 mL phosphate buffer without DTNB; reagent blank was run with water only. Sulfhydryl content was calculated using a molar absorptivity of 13,600 M
Free Amine Groups Determination in Proteins by
Trinitrobenzenesulfonic Acid TNBS. Free amine group (NH 2 ) content was analyzed in the extracted myofibrillar proteins after precipitation with 20% TCA, followed by the reaction with picrylsulfonic acid (TNBS) [36] .
e incubation time at 37°C was set for 5 h. e absorbance of the solutions was evaluated at 340 nm, and the results were calculated according to the standard curve.
Total Antioxidative Capacity (TAC).
Briefly, the hydrophilic fraction of the samples was prepared by homogenization of muscles with distilled water (Mixer B-400 Buchi, Switzerland) followed by centrifugation and then used for the total antioxidative capacity assays such as radical scavenging assays using 2,2′-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, ferric reducing antioxidant potential (FRAP) assay, and thiobarbituric acid reactive substances (TBARS) assay as previously described by Korzeniowska et al. [37] .
e Extent of the Oxidation Processes by 2-iobarbituric Acid Reactive Substances Content.
e extent of the oxidation processes was determined by the method described by Mei et al. [38] . Briefly, the muscle homogenates of 5 ml were precipitated by the reaction with 10% TCA, followed by the centrifugation at 10,000 x g. Collected supernatants were then equally treated with 2 ml thiobarbituric acid (TBA) and incubated at 100°C water bath for 20 minutes. After immediate chilling to the room temperature and centrifugation at 5,500 x g (for 15 min, the absorbance was read at 532 nm).
e results were then calculated according to the standard curve.
Statistical Analysis.
Collected data were statistically evaluated by one-factorial ANOVA using StatSoft Statistica ® Software (2013). e differences between treatments for all parameters were tested according to the following statistical model:
where Yij is variance associated with parameter a; μ is the overall mean; ai is the treatment effect; and eij the error term. e individual measurements for chicken muscles were treated as the experimental units, and differences between treatments means were analyzed for significance (p > 0.05) using Tukey's test. e data are presented as an average value and accompanied by SEM (standard error).
Results and Discussion
Selenium Content.
e effects of dietary Se supplementation of broiler chicken according to Se sources are presented in Figure 1 . Natural Se content in various culinary parts of the chicken carcass differs from less than 10.00 µg/100 g muscle in the back, through an average 10.8 µg/100 g in both leg sets of muscles, up to 12.7-12.8 µg/kg for the breast muscles. Supplementation of the chicken diet with the selenized yeast and sodium selenite increased the muscle selenium level in all analyzed culinary parts of the chicken carcass.Ševčíková et al. [39] stated that increased content of selenium in broiler diets significantly increased its content in thigh muscle tissue, which is in accordance with our results. Selenium supplementation was more effective in the leg muscles (18.5 µg/kg for inorganic Se and 20.3 µg/100 g for organic Se), compared with breast meat (max. 15.8 µg/kg, with no apparent difference in the form of selenium). e organic form of selenium was deposited to a greater extent than the inorganic form. Previous studies [39, 40] are in agreement with the findings in the present study. is could probably be related to differences in metabolic pathways between organic and inorganic forms of selenium. According to [41] , organic selenium is actively absorbed through an amino-acid transport mechanism, whereas inorganic selenium is passively absorbed from the intestine by a simple diffusion process.
Additionally, it was stated that frozen storage of all the culinary parts of the chicken carcass increased the selenium level in the muscles, which was mainly connected with the loss of moisture. During frozen storage, there are series of physical and biochemical changes, not only connecting with water loss, but also color change, lipid, and protein oxidation, which can influence the quality of frozen chicken meat [42] .
Reactive Group Content.
e effect of an organic and inorganic Se on the reactive group content in muscle proteins of the selected culinary parts of chicken during frozen storage is presented in Tables 2 and 3 . Basically, three main reactive chemical groups creating physicochemical and functional properties of meat, i.e., carbonyl, sulfhydryl, and amine groups, were analyzed.
Carbonyl Groups.
e process of carbonylation, recognized as one of the most remarkable chemical modification in oxidized proteins, can be promoted by reactive oxygen species [12, 14, 43] CO groups, which can be coupled of two tyrosyl radicals located in the same or different protein chains and could form dityrosine by formation of a covalent bond [44] , which is usually related to the extent of oxidation processes occurred also during storage of meat and cause specific changes in the biological material. In the present study, CO-group content differed significantly (p > 0.05) depending on the culinary parts of the chicken carcass being the highest in the outer and deep breast fillets, as well as in wing muscles (app. 2.56 nM/mg protein), whereas the lowest in the back part (1.64 nM/mg protein).
Frozen storage of the meat, both in the form of the whole carcass and separated parts, for 30 days resulted in the signi cant increase in the CO-group content.
e most dynamic changes were observed in the back part, together with the leg components (thigh and drumstick). e oxidative changes continued to occur along with the increasing of the storage period. Se supplementation of the chicken diet signi cantly reduced the quantity of the CO groups in all analyzed culinary parts. Moreover, the e ect was much stronger in the case of an organic Se supplementation comparing to the inorganic form of diet enrichment. Organic Se was e ective in reducing the extent of the group formation during the rst 30 days of frozen storage in the majority of the analyzed culinary parts of the chicken carcass, except thigh and back. In case of drumstick, the formation of CO groups was blocked totally in meat obtained from the chicken supplemented with selenized yeasts, even up to 90 days of storage at −18°C. is could be explained by the active system of an antioxidative protection within the drumstick muscles. Inorganic Se was able to slow down the oxidation processes measured by the content of the CO groups only in case of deep breast and back muscles during the rst 30 days of storage. Anyway, the extent of protein oxidation was smaller compared to the control samples in the case of all analyzed chicken culinary parts. e increase in the formation of the CO groups in the proteins during frozen storage coupled with the freeze-thaw cycles was previously stated by Giulivi et al. [45] and connected with increasing tyrosyl radical formation e ected in dityrosine generation after isomerization, diradical reaction, and enolization. Xia et al. [46] reported that higher CO content was produced due to protein oxidation, which could be accelerated by multiple freeze-thaw cycles.
Sulfhydryl Groups.
e presence of the free thiol groups, a sulfhydryl group in meat proteins is mostly responsible for the gelling properties, as well as avor formation during thermal treatment. Generally, breast muscles were characterized by a lower content of the SH groups than leg, back, and wing muscles, which can be connected with the muscle ber type and metabolism. e breast muscle is composed mostly of white muscle bers, whilst the othermentioned muscles are formed mostly of red or mixed types of bers.
e freezing technology cased the signi cant (p > 0.05) loss in the free SH groups of myo brillar proteins extracted from chicken meat from various culinary parts of the carcass. e biggest decrease in the free sulfhydryl group concentration after 30 days of freezing storage was observed in drumstick muscles, in which the loss of SH reached about 21 nM/mg proteins. Prolongation of the storage in freezing conditions resulted in further decrease in free sulfhydryl groups content in all analyzed groups of muscles. Application of Se to the chicken diet resulted in the lower number of free sulfhydryl concentration in relation to the control, and the only exception was observed for an inorganic form of selenium in case of thigh and back. However, the inorganic Se addition was not able to preserve the initial number of free SH in chicken wings and outer breast, and it had a protective action on the groups during rst 30 days of frozen storage. Organic Se was e ective in protection of the sulfhydryl groups against oxidation in the rst period of Journal of Chemistry frozen storage in most of the muscles, and the only exception was breast muscles. Extended storage up to 90 days tends to further loss in the free SH groups mostly due to the formation of S-S double bonds caused by the protein oxidation, especially in cysteine residues [47] .
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Free Amino Groups.
e free amino group content of chicken myofibrillar proteins differed amongst the analyzed type of culinary parts (Tables 2 and 3 ). Lower NH 2 group concentration was measured in both breast muscles (around 4.0 µM/mg protein), whilst the highest in thigh and drumstick (average of 6.9-7.0 µM/mg protein).
e free NH 2 groups usually come from lysine-containing side chains [48] . e basic level of free amine group content in the control chicken meat in the study was generally lower than stated by [48] , but the results collected during frozen storage of the meat were consistent with the cited authors. In both studies, the decrease in the total free NH 2 group content was observed, except for the deep breast muscles. is trend can be explained by the oxidation processes that, among other changes, cause the deamination of the ε-NH 2 groups of lysine residues to carbonyls, which then react with available amine groups, leading to a further reduction in the free amine content [49] . Selenium application in the chicken diet resulted in the higher availability of free amine groups in the breast muscles; however, lower content of free NH 2 in the leg muscles. e Se applied to the chicken fodder, despite the form of the microelement, significantly slowed down the oxidative changes in outer and deep breast muscle up to 60 and 30 days, respectively. In general, the extent of decreasing the free amine group in the experimental groups was lower throughout the whole storage period (with an exception of a deep breast).
Total Antioxidative Capacity.
e TAC is the capacity of antioxidants required to reduce oxidants, and its measurement provides useful information about the overall antioxidant status. When antioxidant defense systems are weakened, body cells and tissues become more susceptible to develop dysfunction and that is why maintenance of adequate antioxidant levels is important [50] .
e effect of selenium in poultry nutrition is associated with its participation in maintaining the antioxidant system, so measurement of TAC is a useful biomarker for evaluating the Se antioxidative role. e following assays ABTS and DPPH radical scavenging methods, and FRAP have been frequently used to estimate antioxidant capacities because each assay involves different chemicals and may reflect different aspects of their antioxidant properties [51] . e results of the TAC collected in the present study are shown in Tables 3 and 4 . Culinary part 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Additive 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Culinary part * additive 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Table  4 : Changes of the antioxidative potential of the chicken culinary parts after supplementation with selenium. e capacity of different muscles of the chicken culinary parts to scavenge a synthetic free radical ABTS is presented in Table 4 .
e lowest antioxidative potential measured by the ABTS methodology was analyzed for the outer breast muscles (musculus pectoralis superficialis) (0.16 µM Trolox/g), whereas the deep breast muscles (musculus pectoralis profundus) had significantly higher free radical scavenging ability (1.34 µM Trolox/g). e highest values were analyzed for drumstick muscles. e results are not in agreement with [52] who claimed higher antioxidative potential of the breast muscles. e capacity of the muscles to remove the free radical tended to increase during frozen storage of the biological material, reaching the highest values after 90 days of the storage in all culinary parts. is can be associated with the loss of moisture due to evaporation, as well as structural changes in the proteins and lipids due to oxidation processes. e application of selenium to the chicken diet increases the ability of the muscles to scavenge the synthetic free radical ABTS significantly between 2.0 and 8.0 times for the wings and outer breast (sodium selenite) muscles. During the frozen storage of the meat, the ABTS scavenge ability increases similarly to the control sample.
DPPH+ Assay.
e antioxidative power of the chicken culinary parts measured during the frozen storage period followed the same trend as described for the ABTS. However, the extend of the changes was much lower. Generally, the set of the leg muscles, both drumstick, and thigh, was characterized by significantly higher DPPH free radical scavenging ability than the rest of the analyzed muscles. e application of Se into the chicken diet increases the meat ability to scavenge the free radical DPPH, as selenium is known from its antioxidative properties. During frozen storage, the DPPH removal ability increased in all analyzed sets of the chicken muscles, indicating that selenium is more stable in the muscles and significantly impaired the antioxidative potential of the biological material.
FRAP Assay.
e ability of the chicken myofibrillar proteins extracted from the leg and back muscles to reduce the Fe 3+ to Fe 2+ was almost seven times higher than that analyzed for the wings and breast muscles. No changes in the iron reduction ability during the first 30 days of frozen storage were observed for all analyzed muscle types. Longer storage at freezing temperature resulted in the significant increase in the measured ability, which was probably connected with the loss of moisture, as for the ABTS and DPPH free radicals scavenging ability. Selenium application in the chicken diet did not significantly change the FRAP values for the wings and breast muscles; however, a significant increase in the iron reduction ability was noted for both sets of the leg muscles, and back muscles, which can be related to the higher deposition of the selenium in the part richer in lipids.
e Extend of the Oxidation Processes by 2-iobarbituric
Acid Reactive Substances Content. Malondialdehyde (MDA) is one of the secondary products of lipid oxidation, which has long been considered as an index of oxidative rancidity in various foodstuffs. Among all the methods proposed for assessing MDA, the 2-thiobarbituric acid (TBARS) has been widely adopted as a sensitive assay for lipid oxidation in animal tissues. In practice, meat is stored and cooked before consumption. ese processes promote degradation of meat lipid fraction [42, 53] .
Culinary parts of the chicken carcasses were characterized by the different extents of the lipid oxidation, both in the selenium-supplemented chickens and also control animals ( Figure 2 ). e lowest TBARS values were stated for the breast muscles, followed by the wings and the leg and back muscles, which was associated with the total lipid content. Frozen storage of the culinary parts increased TBARS values for all analyzed meat types significantly, but the highest increase was noted for the back muscles (from around 0.45 mg/kg for the fresh samples to almost 2.50 mg/kg for the samples kept in the freezer for 90 days).
e deteriorative effects of long-frozen storage on the quality of meat were previously reported [42] . Higher intensity of the lipid oxidation during frozen storage was also noted for the leg muscles comparing to breast, which was also observed by the other authors [42, [53] [54] [55] [56] . is was caused by higher lipid, haem proteins and microsomal enzyme content. Opposite results were published by Malczyk [57] , who found higher TBARS values in the breast muscles, which was related to higher content of the unsaturated phospholipids. Application of the selenium form in the chicken diet caused a significant reduction in the lipid oxidation and formation of the derivatives in all analyzed muscle types.
e extent of the oxidation processes during frozen storage slowed down in most of the cases (except the back) up to 30 days. e back muscles went through oxidation very easily mostly due to lack of the antioxidant deposition, size of the muscles, lipid content, and also the location in the carcass.
Conclusions
Chicken carcass is a complex set of different muscles and lipid types/classes, which are unevenly deposited in specific parts of the bird's body. is causes significant differences in the susceptibility on the oxidation processes shaping the quality and shelf-life of the product. Postmortem processes, mechanical treatment (cutting up the carcasses into the culinary parts, deboning, grinding), and storage conditions influence the oxidative potential and stability of the edible parts of the carcass.
e least changes in the protein and lipid caused by oxidation processes during frozen storage were analyzed in the outer (pectoralis major m.) and deep (pectoralis minor m.) breasts, followed by the wing muscles. e leg (thigh and drumstick) together with back muscles was more susceptible especially to lipid changes and less to protein oxidation. Generally, most of the chicken culinary parts, except back, can be stored at the freezing conditions up to 30 days without apparent deteriorative changes in protein and lipid fractions. Longer storage could be only recommended to breast fillets.
Selenium supplementation of the chicken diet signicantly reduced the oxidative changes in the most important chemical reactive groups of the muscle myo brillar proteins in all analyzed culinary parts. Both forms of selenium, organic and inorganic, were able to slow down the oxidation processes during the rst 30 days of the frozen storage of the meat. e e ect was much stronger in case of an organic selenium supplementation comparing to inorganic form of diet enrichment. Summing up, the selenium application in the chicken broiler diet can successfully impart the shelf-life of the separated culinary parts of the chicken carcass.
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